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AbsCfayr, 

A method o£ aultiplying bovine embryos by nucleat 
transfer includes the «eps ot synchronixing donor 
-nbryonic cells ac a cell cycle phase u«i„g . cell cycle 
i-nhibitor, releasing «,e cell, tram inhibidon, *ml 
allowing the cell, m progx^ss inw ch. s-ph-«e o£ che 
cell cycle before fusion « recipient: oocyte.. In a 
preferred proce«., cfee recipient oocyte is .crlveced 
before f«.io„ .„ch chat boch donor and recipienr are in 
S-phaae when fusion occurs. Bore preferably. Uie cell 
cycles of both donor and reclpiem: are coordinated before 
fusion s«ch rhan botli donor aiul Tocipienc would re-enter 
M-pha»e at about the same cime. The method io intended to 
increase the percentage of viable bovine nucleaor transfer 
embryos to a percentage higher than can be obtained 
without synchroniMtlon of donor nuclei. 
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s««:kro«i„o CONOR cu^ ^ eovi^B 
The p«aent .av^ti^n i, ge^raHy directed « a 

«Tfo »mJ.tipl».cat:lon proceaa ia ia^r„ve«i. 
Eiibryo multipueation by nuclear transfer invol.es 



, - . — -r — — <-*>j.j.a ^neiBsexves* into 

«cipl«n. «113. .:^ealiy «nf«tlli,«l egg, ak.. which 
she donor and xadoi^w - * . <»*t=i wjij.cn 

in^P in ^ «=*Pl«t fused, sufih cxaiwfera are 

«tage of having « ^^^^ ^ ^^^^ pracrlLl 
.o «an,£ar ^a nuclei fro. sue e.U., or ZTJ^ 

enucleated, therrt^ create .»lrlpie ^^netlcaily 

t^%"::i ""r" Bnilcvln/each of 

tho fuaed nuclear =ran,f ar e^. develop to a »«ltl- 
c«lX OTaga, and Then reneatif,* »v , 

repeac4jig rhe nuclear crampiauta^on 

tra««er «br,oe can be created fro, an original donor 
embryo. Khile blasto»eres isoiar-* * 

ambr^. K-«« "»e«es isolated froa pre-gastrulation 

embryos have been mosx. widely used ^, ^ 

. ' "BOO as a source of donor 
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ejTibryoni.c ate« eella and embma fr«™ - 
been raacured f-rto, Z! "^^y^a from ooeytea th»t have 
matured. Cartllited, «nd cultared in « 

practiced r! - thia proces.. a« 

pnec^eed to dace, ari.ea fro, the fact eh^r -k- 

ZT. ^.™n. 

effiel^r,^ °l-»ect«t lo-ard optimizing the 

l^^r^L^r e«„omicaHy practical. 

^/dL^;::: srrr ^-«p— ^ a.. 

(Mawey), both of which deacrihe n,-,.-,. 
described in each ^ 'eetaiquea 

from ch. o:*^.?^^^^^^"'" 

l^TT'""^'^"-'^- ^^^ ^ 

^ , -^SAe ceij. embryo. That sinale cell 

nuclear cransfer embryo can T-h^, L , . 

2i:t£o or In the oviduct of a iiiaii=«i .^^^i ^ 

. . ^ °^ * aaismai, until a stage IXi 

^xch xt can ba i^npXanUd into , „cipient cov. A 

viability, ean be transplanted «.rgl=ally or non- 

l*ve birth, of genetically identical calces. 
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In inst nuclear transplantation procedures ^ 
individual cells within rhe same donor embryo were no^ 
synchronized wicli respecc zo che cell cycle, beyond che 
four-cell acage*. Thus, it haa only bean at zandoa chac a 
5 parricular donor blaatomere would be at tfie correcr cell 

cycle stage to achieve opcinal developmenc atxer nuclear 
transfer- What is lac)clng in nhe arr. i£ both knowledge 
to which cell cycle stages are soost appropriate and a 
method £or manipulating and synchronivlng 'che cell cycle 

^0 stage o£ donor eaibryonic cells, 

Several reports of efforra zjo optimize Che cell cycle 
stage of donor cell nuclei in other aaismals have been 
reported* Collaa^ p., et al. , 4S Biol, Reorod. 492-SOO 
(1992] hava dsaOAAtrated that donor nuclei in early sugea 

X5 at rabbit embryo cell cycle shov enhanced ability co 

fuse into eabryos xhat will mature to the blastocysc 
stage. Kono, et al-, 37 Therioaenoloqv 239 (1992) 
demon 8 traced chAr. nuclear tranafez nouse embryos derived 
from fusions uaing synchronised late-stage morxne 

20 blaetoaezea wera better able to develop to the blastocyst 

s'cage than eaubryoa derived from blastovexes of other 
stages. 

Summary of the Invention 
The present invencion is aunmarized in chac a process 

2S to^ bovine nuclear transplantation includes che srepa of 

(1) enaujcing that a najoricy of i:he donor bovine embryonic 
cells are in Jtetaphasep (2) allowing the embryonic cells 
sufficient tiaie post-metaphase ro progxeAS ijnto rhe S- 
phaee of t!ie cell cycle, (3) fusing Individual donor 

30 embryonic calla with recipient oocytes « (4) calturing the 

nuclear^tranaferxed fusion cells to the hlaatoeyat stage, 
and (5) Transferring blastocysts co rsclpi^t £ema.les to 
produce cloqed ealvea. in an especially preferred 
embodiment of rhe invention, rhe donor embryonic cell and 

35 recipient oocyte are isynchronized co each ochor, in chac 

a'c' the tine of! fnei-on both are- In'S-phase and both are 
expected to reech th$ next M-^phase at approximately rhe 
sane time. 
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It is an object of the present invention to fuxthar 
develop and define a step in a bovjjie nucloar 
transplantation p^oceea «o aa co increase the o^eraXi 
efficiency o£ the process. 
k 5 It is an objective of cJie present invention co aid. in 

/ the overall efficiency of bovine- transplantar ion and 

raultiplication proceasea^ so aa to result in greater 
fiiiobers o£ viable pregnancies and" multiplied genetically 
identical calves. 

It is an object of the present invention to increase 
Che percentage of nuclear cranater embryos that mature to 
the blaetocyet stage. 

Other objects i advantages « and features of the 
present invention vill become apparent from the following 
15 specification - 

Brief Description of the Dravinas 
Fig- 1 schematically depicts the donor cell cycle* 
indicating the tiasa of reinoval'ef the synchroniring agent* 
che tixBs of fusion and the tine until next X-phaae. 
20 ^^9- ^ schematically depicts the recipient oocyte 

cell cycle, indicating activation claie» fuflion tine» and 
ciflie until nexc H-pha^e- 

Deficrlp^o n of the Preferred BnbcxiiiTiBPt 
In accordance with the present invention, a bovine 
25 enbrymic cell destined to be the source of a 4onor 

nucleus in a nuclear transfer (BT) procedure Is subjected 
to synchronization in S-phase prior to nuclear 
transplantation. In .addition, fusion of a recipient 
oocyte and a donor embryonic cell yields a higher 
^ 30 percentage of viable OT emhryoa' if ' both are in 5-phase and 

if both wlU next enter M-phase at approxlwataly the s»we 
7? time. The present invOTtion providea a method for 

achieving such synchrony between donor and recipient - 
^ The enbrytmic donor cells uaaful in the method of the 

35 present invention may be. obtained in a variety of ways- 

Bnbryonic cells axe often obtained by flushing embryos 
from surgically recovered oviducts or may be non- 
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«t. a»bcyonic do«or «U« «y alao b« obtained £ro» *a 
Xi^^turation/ifljOSsa fer^lU^acion/ln .l,.o culture 
(ly«/IVP/lVC) procedutea. m addition. e.*ry««ic .tea. 
cell, cultured ami «i„t,i«ed AaJCto ««y .ieo be u.ed a. 
donor cell, the bovi„e multiplication procedu« of the 
present invention. Tetipotent bovine embryonic ate™ cells 
h*.e been cultured to the blastocyst stnge, then i-piante^ 
.nto recipient co«. the advent of ^ate« to create and 
culture bovine ate. cell, permits the serial culture of 
largo number, of genetically identical donor ceUa 

PCX n— - ~ ■ 



S»9 

In 



PCX Published Patent Application No. uo SO/03432 
addition, bovine enteyonic ste- cella have been u«e^ 
.uccesafuUy aa donor cells in nuclear traa.plant 
experinenta. yieldi,^ f-tu.es that have, developed to at 
leaat the f^h month of ge.tatlon. 1„ the present 
application, the tex- "emStyoaic cell- refers to any 
bovine embryonic cell that aay bo ueed a» a donor cell in 
nuclear transfers, notably those cells derived fro, bovine 
«>bxyoe. from VnUm/xyc proceduree. from bovine 
embryonic ste- cell culture.. Each cell type i. «.e£ul aa 
a donor cell m the method of the present; livvantlon. 

The synchronisation step is most preferably done by 
culturing the embtyonic donor cell in a culture medium 
containing an optiinal concentration of a ceil cycle 
inhibitor for a period of time sufficient to aynehroni.e a 
majority of the embryonic cell, m a particular mitotic 
phase, such as aewphase. The cell cycle inhibitor may be 
any agent that revewibly blocks the Cell cycle at a 
defined phase, .uc* as a drug that blocks the cell i„ 
metapha-e by inhibiting the formation of spindle 
microtubules . 

cell-cycle-inhibited embryonic donor cells, blocked 
at a defined cell cycle phase, are sebsequently released 
from the ceil cycle block by removing Uie inhibitor from 
the culture mediun. The donor cells are then allowed to 
progress through Uia cell cycle into s-phaae to yield, 
after tir fusion, the greatest percentage increase of NT 
en*ryos maturing to the blastocyst stage when compared to 
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NT embryos produced from f^ion. of non-.y„chro«i,»i donor 
nuclei. 

I-i-D preferably, one iMy avoid ch« use aC cell-cycle- 
xnlUbltin, druga by observing the e»bryonlc e«ll divl.lon 
processes and noeln, when the embryos are In metapha.e. 
AJterjiauaii, observing cell division, it should then be 
possible to culture the anbryonic eoll. for a sufficient 
length of cl«e to assure entry into the preferred cell 
cycle phase, «, described below. However, thi, aeco«t 
approach lacks the definitive and repetitive scagiAg 
accuracy of the cell cycle inhibitors and is less 
preferred. 

It i. herein demonstrated that the greateet 
percentage increase in bUstocyst stage embryoa is 
IS obtained -hen the Conor embryoaic cells are in the cell 

cycle phase commonly re£e«ed to as S-phase. in this 
specification. S-pha,<e is al» referred to as mld-3taga. 
sxftce it la in the „iadle of the cell cycle, S-phaee U 
Characterized by dii& synthesis, also referred ro ae DWi 
20 replication, one complete cell cycle takes approximately 

20 hours in pre^astmlation bovine embryos and other 
embryonic cells. S-phase occupies the bulk of that 20 
hour cycle, while the precise beginning and end points of 
S-phase are imprecisely defined, bovine embryos are. known 
to be in S>phase from about five hours after release from 
metaphase until about five hours before returning to 
metaphase. s-phase is preceded by 61-phase (herein, 
early-stage), during which rhe cell prepares for DMA 
synthesis, and is followed by G2-pha8e (herein, late- 
atage), during which the cell prepares for mitotic 
division of M-phaaa. m K-phise, chromosomes condense and 
prepare to separate Intb the two daughter cells. During 
the metaphase portion of the M-phase, the chromosomal* li.-e 
up at Che metaphase plate poised to be distributed between 
35 the daughter cells. 

The synchronized embtyonlc cells for use wltnin the 
present invention are intended for a protocol of bovine 
embryo multiplication through nuclear transplant. It is 
appropriate therefore, at this junct-jxe, to briefly 
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describe tho overftli bovlna enbryo nuXcipIicacion 
procedure. Boviw owario3 are collecrad at tha sl«u9hcer 
Kouao, and are ■aincained In phyaloloyical aalXna for 
transportation ixam the alaa9hter haaae co the laboratory- 
5 Folllcloa ranging in »i2« towi 2 to 10 am in diameter are 

than aspirated troB the bovine ovariea. The iinmature 
oocytes contained within the eoliicuiar tluid are reasnred. 
buffered vit,h HE7ES« and waahed in haxnater embryo culture 
medium (KCCH). daacribed in seshagaro et al-, 40 Bi^L :. 
10 Reprod. . 599-606 (19B9), and then placed into drops of 

maturation medium conaisxing of SO ^1 of tissue culture 
madiuBi (TCK) X99 contalnin? X0% fetal calf 3erw with 
appropriate gonadotroplna . lateiiU-ring horaone ^LH) and/or 
follicle atimulatlng horwme (F3H), and estradiol under a 
15 layer of lightweight paraffin or silicon oil at aS^'C- 

After twenty houra in the maturation media, the In vitro - 
matured oocytes are removed and placed in HECK containing 
1 mg/ml of hT^luronldase. Tho cuinu.\us cells are r*Amowed 
from the oocytes by repeated pipetting through v«ary fine- 
20 bore pipettefl. The stripped oocytes are ecraened for polar 

bodies, which are Indicators of metaphase II. The 
selected metaphaae II oocytes are then used further In the 
transpltatatioh and nultiplicai '_oa procedures . 

The oocyte enucleation portion of the cloning 
25 procedure ia deacribad in U.S. Patent No, 4,934,384, the 

specification of which la hereby incorporated by 
reference- Brtofly, the aetaphase H oocytes are either 
placed in HBCK containing 7.5 nicrograros xnilliliter 
cytochaiasln e ior Imedtnte enucleation a e placed xn 
30 CRlaa plue 10% estrus cow serum, and ard vtnucie'irad later, 

preferably alxteeix to eighteen hoars larer- C7ilc^ medium 
contains 114 mR HaCl, 3-1 mK KCl, 23 mM NaHCOj, 0-4 
sodium Pyruvate, 5 niM Hamicalcium Lactate, 1 mM Giutasmnu, 
1 ml/100 ml nssi amino acids. 2 ml/100 ml BKE amino acids, 
35 and SO mg/ml Gentamycin. 

Enucleation is accoi^lishad using a microplpette to 
remove the polar body and the surrounding cytoplasm. The 
oocyte can tlien be screened to determine which oocytes 
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have been auccesstuHy enucleated. TKia *cMening ia 
aucc«a9£«Uy dene by seining the oocyte with I «>icrogr,.-n 
par Billlliter 33342 , iechst dye in HECH. *„d then viewing 
the oo=yt«- und«r ultr-violet irradiation for loa. -ha.1 10 
seconds . The oocytaa that hav« ba*in auccesBfully 
enucleated can then be pi,c«d in culture madia. preteraWy 
CRXaa plus 10* -»cr«. cov Mr«». Alter enucleation, an 
embryonic donor cell i, pXaced In the peri-it-lline .pace, 
by tke method also deecrlhed in the above-identified 
Patent No. 4.994.384. 

ror oocytes matured si&SSl, the nuclear ^anafer 
proceee la nomally pertoxned between 30 and 4S honra 
a£xar the oocyte vaa first placed in the »iatur*tlon 
medioa. After the blastoaere ce.H ia transferred into the 
parivltelUne space of the recipient oocyte, the two cell, 
are fused together by elactrof u«ion. The cell, to be 
fused are placed between two electrodes which are 500^ 
apart, referred to «a Uia tusLon chaaber. which contain 
ZijanerBan-s fuaioo medium. Up until the point of fusion 
the donor cells and the recipient cells are maintained at 
or balaw 39'C. a physiological teapetature. 

After fusion, the m embryos thus created are then 
placed in CRlaa mediun plus io% eatrus cov serum at 33'c 
for 5 to 9 days. A detailed deaeripcion of a process for 
culturing such « embryo, ia 3£4£iai is sat forth in O.S. 
Patent Mo. 5.096,823. At the end of this culture period, 
the embryos can be Judged for developmental rates. The 
embryoa Judged to have developed noisily, either into 
morulaa or blaatccyste, can be tranafezxed into recipient 
aniMla. and an offspring may be obtained after a nonaal 
pregnancy. 

The above brief description of tke embryo 
multiplication and nuclear ^-»«,«,l„t process has been 
-Xtered in the inventive method described herein only in 
the preparation of the donor embryonic cell, and recipient 
oocytes. It has been found that fusions performed with 
donor cell, synchroniwd in s-phaae of the cell cycle 
yield a greater percentage of blastocysts for Implantation 
than either non-aynchronlzed donor embryonic cells or 
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embryonic calta £/nchronized in early (e.g., Gl-phaso) oir 
idtc G2-phasej cell cycle scagea. in a preferred 

cuaion method, tha donor embryonic cells and ncipl^nc 
oocytes drc both in S-pha«e at the time o£ fuaioR. in a 
most ftef erred fusion nethod, the donor cella and 
recipient oocyr.ea are synchronized in that fualon z^koa 
place wh«n the cime-until-next-h-phaao for both donor and 
recipient cella ia approximately equal. In other words, 
ic has h«r«in been found that, a aallenr indicator of 
aucceas appears « be the tiiiw raiqalalng in the coll cycle 
until the nexc an try into K^phase, rather than the olapaed 
txme since the prevloua is-ph^ae. It is believed by che 
Inventors that by eynchronizin^ both donor and racipienc 
ceil cycle* to each other during pra-fusion DHA synthesis, 
15 the cytoplaam and nucleus of post. fusion ST cell axe 

better able to coordLnataly proceed into G2- and n-phases. 
In suraoaxy, if the donor cell is in S-phaae, and also* 
preferably, if the recipient cell ia at the sane part of 
S-p.naae aa the donor^ th ^eveloptiental success race of 
20 blastocyst de^Iopnent i*. i^T fuBion embryos uill he better 

th£Ln that of onaynchronited fusion embryos. 

By parfonoing routina preliminary experlnents on the 
donor embryonic cells and activated recipient oocytes, one 
may easily deter»ina the average. cell cycle dczatlon of 
25 Q&ch, using technlqfues that have been described. 

D^jtermlnatioa of tine-until-next-M-phaae Is depicted for 
donors and recipients respectively in Figa. 1 and 2. For 
synchranited embryonic donor cella ^ the tine-nntil-nexc-h- 
phase ia atmply the call cycle duration minus the time 
30 between removal of the cell cycle inhibitor and fusion. 

For oocytes matuzed and activated ^ vitro ^ the time- 
until-ne^t-M-phase is tho eBtinated cell cycle duration 
minus the time between activation and fusion. Figs. 1 and 
2 are not meant to suggest that the cell cycl^ duration of 
35 emoryonic cella and oocytes are identical. Rather, che 

figures desionstrate how to determine the tuaa-antiX-next- 
M-phase of either call type. it is knoun that the cell 
cycle 4uration of oocytes taatured in vitro decreases with 
increasing maturation ci»e. 
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Oocyt^ uaed a, recipient cells are developmencally 
blocked newpluise uncil activated. Activation occurs 
in_viV2 at ferniliiarion inj±t£a. by a „u.^er o£ 
method, _ After activation by any ^thod oocytes progress 
chrougn the call cycle cowa^ « call division in 0,0 tt««e 
M-ph*«-. Of cou«,. haplold oocyte, cannot divide into 
daughter cells having f^u co»ple„e«t« of chroBOsones. 
iUpIeid oacyt«. mu.t receive chro«,.ooo3 either by 

fertili«ael«d or by nuclear tranef^ fro« . dono* celX. 

The donor cell aynchroniaetion process 0= the pr^^ent 
invention begins by arre„i„g tk^ embryonic eel: cycle at 
a defined phase of the cell cycle, such As metaphase. 
using a cell cycle inhibitor such as Demacolcine or 
Hocodarole. Renoval of the inhibitor is followed by a 
waiting period of o:^periawi,MHy_datermined length 
sufficient to allow the synchronized blastomerea to 
advance to the mid-stage of the cell cycle. This proce=a 
yields NT donor cells which, when fused to oocyte* end 
allowed to develop :4n vjcrg. deronstrate increased 
viability typical of the present invention. 

Any cell cycle inhibitor that reversibly arrests the 
cell cycle ac a pr-^ictable cell cycle phase and that, 
upon its ronioval. allows the cell cycle to proceed to the 
S-phasa la envisioned to fall within the scope of the 
present Inventlc... The cpcimal call cycle inhibitor 
concentration for synchronising the cells may be ersily 
dexemlned hy titrating the coneentratlon used to ur»at 
bovine mbryos and choosing that which yiolds .ha highast 
pereent<ige of enbryo cells synchronized at the desired 
phase. Similarly, one can e*periB«n«;ally determine the 
appropriate ti»e to S-phase by fusing pose- inhibition 
donor cells to recipient oocytes after various waiting 
i^HiodS and than oiaervlng vhl--. v=iti-g psricd i1ald= t.'-c 
highest percentage of subsequent blastocyst formation^ 
Alternatively, one awiy chart the incorporation of 
radiolabelled nucleotides into OKA to determine when S- 
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Exampie 1 

«^YnehrDnizaclon of bovine donor atnbrvo cells 
ugina Demecolcinfc 
D^ntf* col cine is a nucrocubule iiifixblcor known co 
arrest c.he developsBcint of mantSLaliAn calls In iJie mecapliase 
o£ che ceXI cycle. To derenaine Che concantraciort at 

which tfta hiqhsA^ percenuge of bovine embzyo colls became 
synchronized In foetaphaae af car exposure co Desiacolclne^ 

' p^Q-.^3x:rulaclcm bovine embzyon wofe culcure^i In OMdlum 
conr^ainln? the rh^ae Demec^lcXne concancraciona ^hown In 
Table 1- After 12^*15 hours in medlun containing 
Domocolclne, the nuaber of ambryo calla arrested at the 
meta phase sta^e was determined using a nucleu staining 
assay- JJuclear material in embryo cells is visualized by 
staining the calls with a nuclear dye« such as Koechst 
33342 at 1 ng/ml in U£CM. and then viewing the embryo 
cells under ultraviolet irradiation for leas than 10 
seconds- The percentage of embryo cells synchronized in 
metaphase varied with the concentration of Demecolcine 
used CO arrest the cell cycle, aa shown in Table 1. 

TABLE I 



2S 



Demecolcine 
concentration 


zluober of 
Dabryos 


% of cells 
synchronised 
in metaphase 


0-5 


3 


£6 


0.1 


20 


48 


1 0-05 


10 


73 



Table I Indicates that preferably 0.05 ug/nl e£ 
30 oeiaecclcina used to arresx rhe develapx&ent. of bovine 

exnbry^ cells in aiataphase ;^cccrdiagly, bovine embryos 
uere Incubated in 0.05 u^/ml of Desnecolcine for 12-lB 
hours. After the Demecolcine incubation period, the 
embryos were washed and placed bacJc into culture nedxum 
35 lacking the D^ecolcine call cycle inhibitor- Freed from 

Lhe coll cycle block, the synchranlzed embryos then 
progressed into the cell cycle- 
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various cines aftar removal c£ che DeinecoXclne 
block, embryos Mre hArsrestad and ifidlvldual blascoiaerea 
were jemoved for use in nuclear cransters cq derecmin^^ th« 
optioul pofiC-nvdtAphasa cell cycle acage for a donor 
5 bla£co3iea.e. Biaflt;o9ier<i8 Cxoffl eabryos were harv^QCed 4- 

8 hours poat-Mcapbaee (hereinaitdr^ early-scagey<r ac 8-14 
hours pGflt.-vet4phaaa (aLd-0ug«), or an 15-20 hoiirfl pose* 
merapha^Q (lace-auga). Ar 8-14 hours poSw-mecaphaao, the 
ma J or icy oC donor blastomairec were In S-phasc. As a 
lO concrolf blascotbsreA from nop-cynchronlsed embrycs handled 

in parallel ware uaed for transfer e^perlmonta vlch che 
e&r-ly-, mid-, and lacr>-0caga synchronized blast.omerea. 

Recipier.c oocycas roaoved froD the follicl'sfl woi^e 
matured i.n '^^tro for 20^24 hours prior to aelectilon of the 
13 aocytoa for iftecapiiase 11 staging. The delected met a phase 

IX oocytes were chaa cultured (or maxured] for an 
addl Ciena 1 14-24 honf period ar physiological reuoperarures 
(about a9*»C)- 

All nuclear cxanaf^^rs were per^oramd ual&g entire 
20 blasrortare cdlla^ tha «T maibrycn were cultured la vlcro < 

as described i2k pubUahed fCT pa cant; application WO 
90/13627 f prior to acreening for blastocyst devslopmenr . 

Table 2 demonatratas the significant increase in the / 
percentage of blaatocvars tStar develap from ST embry^^ 
25 vhen the donor blaatamerea ha're synchronised Aad chen 

allowed to process to rhe mid-stage of zhA sell cycle (B- 
14 hours pOist-UQtaphaae) . lu contrast, bl itomerea that 
have progrefised from setaphase tu the early- or late- 
^j^^ges of the cell cycle show eXth^ a decreased atoilit^f. 
33 insignificantly increased ability, to deve?-op to ciie 

blaijrocyst stage when compared tA non- synchronised dr^nor 
blascaiser<ss. 
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TABLE 2 



Farcentage of Blaatogyats 



SynchroniSQd Doner 
BlAscomerea 


On -syri chronl 2sd 
Elono^ filasroueroa 


1 Early 


1 0% 
1 (0/140) 


5% 1 
(11/235) 1 


Mid 


14% 


(25/3.'l9] 1 


LACe 


(30/34B) 


6% 1 

(27/4eii 1 



Hlastocyaca obcined after nurt«r cxaasplant of mld- 
10 arage Masconeresi were transferred co recipient cows. Of 

iO cloned c*l-e» bom aftar transfer t,i mt blastocysra co 
maternal anUnala, none had eitW high birth walghr or 
congonlEal ananaliea often associated with calces produced 
by nuclear rransplajit cechniciuaa. Topically 2S% of all 
15 nuclakr traraplant calvea exhibit either high birth weighi: 

or congenital anomaly have been reported. The data of 
-sample 1 auggeat U»at by syachronJ *lng donor blaatomerea 
to Uia Bid-atage of the cell cycle c^ain, possibly 
5anetic, factors which lead to physical problems witl-. 
20 nuclear transplant calvea nay be ^voided 



ZS 



30 



Bxamela 2 

SynchTPniMtlon of Noerrfa Jo,^^-..peated Hnvfn« 

and Cold-CpItarff-ftctivaT«i a ^ jpienr q ^gyt.^, 
Ma^wred f or 42 Uomr.i Xa Vitro 
using a protocol similar to that of arample l, a 
second cell cycle inhibitor «as employed to produce donor 
cells which, kl»*n fused to recipient oocyt«. yielded 
erobryos tbs»t devalcped to the bleatocysc stage at an 
increased frequency relative co non -synchronized donor 
cells. 




07/30/98 THU 



11:15 FAX 6173301060 



FR 



@033 



2092258 



10 



IS 



20 



25 



30 



35 



-14- 

The c^ll cycle inhrhicor «ocod„ole. which a^^ca 
tha «a»»alia« ceil cycl« i„ mBtaphaae. wag .e-ted at o i 
1.0. and 10 concentration in e«lr„„ modium ^ « 
Example 1 for ...^ abiUcy optiinaily eynchroni^o che 
ceiis o£ bovine e»hryo,. it wie d«er»,i„^ thac X-0 Mil 
'.r^atnent with Hocodazola for X2~IB hp«„ proved b«sc 
A3 xn Ex-iBple I, bo^ina «„i,^a ^„ aynehronieed in 
^ewphwe with 1.0 M*f »ocoda,oie. Sub*eq«*„r of 
the inhibitor e«« th« culture »edi«« allowed the «»bryo, 
to progress tl^ough the cell cycle. At aid-stage (B-14 • 
hours P03t.»ef ph-«e,. blastomere. were h«ve.ted and us,d 
*e fusion partners for recipient oocytes, a-l4 hours 

pc3t-»etapha3e, - najority of the blaeto»ere« wre ±n 

Oocytea used as reclpl«,t3 in Bxaaipla 2, -ere 
.?repa^ed by cuituringr the recipient cocytes at a 
tempcrarure in rhe range of 24.2fi-C during the saturation 
period. This cold culture «ep, relatl^ to rhe „on«l 
bov...., physiological temperature of 33'C (used in Bwmple 
1), has been shown to increase the survival of developi^w 
NT embr^ros to the blastocyst stage. 

cold culture la beloved to ser,^ aa a £om of pre- 
fusion activation o£ the recipient oocyte. Cold culrure 
release, the oocyte cell cycle from the H-phase block that 
IS tvplcaUy observed in unactivated oocytes. JUrtivatlon 
methods other than cold culture are also usaf-jl for 
i.-,crea«lng efflci«icy of the protocol." In vivo , oocytes 
are activated at the ti« of fertilisation. whatev« the 
cause of the activation phenanenon, it has been uaed 
-herein to increase the efficiency of a practical bovix,e 
embryo maltiplicatlon protocol. 

cold culture .ay be p«rfor=,ed at any terveracure 
s'.g.nificantly belof physiological ta^peraturea (e.g., 
below 30-C and above xreerlng., Further, the duration nf 

cold culcurq may v^ry froa li^*-!* ^ 

J T M^^m as iittle aa approximitely 2 

hours to 24 hours or more. All recipient oocytes in 
Bxaiuple 2 were cold shock cultiured, ^^^^ they were 
rcclplenti? of NocodaiolG-rreated embryonic cells or 
concrol c^lls. 




1^:90 fi6/0C/i0 



11:16 FAX 6173301060 



FR 



2092258 

-IS- 

tn Example 2, rocipient oocytes ware matiiured for 
appxoxlaately 42 hours be£ora coM coiture activation. 
Oocytea thac ha^ ioatare<l for xihia length o£ time haw a 
cell cycle of about: lO hours diixntion. Cold shock 
activation for 2 houra provides a recipient oocyte for 
fusion that ia in S-phaaa and about 9 hours avay from its 
next K-phaae. The donor embryonic colls used in Example 
7, with a cell cycle ciae of about 20 hours, vore cultured 
for about 10 houra after resioval of the Nocodaaole, to 
provide a donor cell that ia In S-phaaa and abour lO hours 
away from ita next M-phaae. 

Blaatomerea obtained from mtd-atage ombryes ^nd fused 
to activated recipient oocytea yielded HT embryos having 
an enJianrod abiliry to aature to the blastocyst stage in 
vi££0 when compared to H'i! embryos produced using non- 
synchronized donor blastomGxes. ST embryos produced from 
synchronized blaatomaree reached the biastocyat stage 27% 
of the time while « eabryos derived Iroa oon-synchroniz-d 
donors raached the blastocyst stage only IBS of the tine. 

The WT data, of this example denonstxate that 
development Is better when the donor- nuclenfl and the 
recipient oocyte are both in S-phaae (or mid-stage) and 
»^uld both reach the next mitotic di^sion* at the same 
cine. 

CxajDple 3 

SynchronizatioA of Woc?odaaol o^ treated Bovine Embrytpfi 
and CQld-CuXrora-Activa ted RecjLpjent Oocvtea 
Matured foi : 24 Heui,-g In Vitrp 
Recipient oocytes were matured in vitro as described 
above for 20-28 hours before activation. Fusion with 
synchronized donor cells was perf ozroad approxiaat^ly 6 
hours poat-^activation. Oocytes that have matured in vitro 
for 20-26 hours have a cell cycle tljn& of approaOmately 24 
hours. Therefore, these activated recipient oocytea were 
approximately IQ hours from next metaphaae. 

To demonstrate the benefit of donor-recipient 
synchronization, bovine blastoinere cells in two different 
portions of 5-phase wore used as donors in fusion^ with 
the above-described activated oocytes- Bovine embryo cells 
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were blocked m mecaphaaa «ith 1-0 ^« ffacodazole and vera 
chea alloweQ to proceed l*to the cell cycle for 5 or 10 
hours poet-removal of thB meiephase block. five houre, 
Che donor bl««t:oi«ree had passed through 61-phaee and vere 
in early S-phaae. The donor blaaronares weze 
approximereiy is-lfl hours aw,y ne« «,e«pha3e. By LO 

hours, rhe bla«omerea .ere in mid-S-phaae and vere abouc 
Id houra away from nmxz necaphase. 

Fusions were pettontwid as detailed above. -Table 3 
details the xesulta of fusions with doner cells thai were 
eicher synchronized or nnsynchroniaed wish recipient 
oocytes with respect to rhe next awtaphase. Ir is 
apparent from the data chat when the tiwe to next 
metaphase is siailar, Uia percentage cf NT ambryp. that 
develop eo the blastocyst stage is aarkedly higher. 

TABLE 3 



Synciironlzed 


Synchronized 






Blastojaeres 


1 Percentage of 










1 Blastocysts 






Tiae 


Time 


Obtained 


since 


1 until 


aijice 


until 


(BlasTuscysts/ 


last 


] nexr 


lasC 


next 


Total NT 




1 mca- 


meta- 


meta- 


Enibzyos 1 




phase 


phase 


pHasQ 












27* 






5 


15 


6 


la 1 






(9/33) 






10 


IQ 


2% 










{3/X34) 
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He clelA: 

1- A mathod for preparing donor bovine embryonic 
cells for a nuclear trannfer proceaa compriaing th* steps 
of: 

(a) iaolauing bovlna ombry^^nic oolla; 

(b) synchronising the isolated eirbryonic cells 
u-til a Mlority of the cells «e at a single mitotic 
phase; 



(c) culturing the synchronized embzyonic cells 
of st^p ih) until at least 3o»e ot the synchronized 
embryonic cells are in the Biphase of rhe cell cycle; *nd 

(d) selecting an Individual embryonic cell from 
tAe cu1t:uxq of step (c) for use in a bovine nucle^i: 

IS transfer process. 

2. A method for preparing donor bovine enbxyonic 
cells for a nuclear transfer process as claimed in claim i 
vhe«in synchronizing step (b) is accon«.lished by 
culturing the eabryonic cells in the pres^ce of a cell 
cycle inhibitor for a length of riae, and at a 
concentration, sufficient to reversibly arrest the cell 
cycle at -Jie single aitotic phase. 



3 • K method for preparing donor bovine embryonic 
«lla for a nucleax transfer process as claimed in claim 2 
therein synchronising step (b} loaves the bovine embryonic 
cells synchronized La mataphase. 

* - A TCthod for preparing donor bovine embryonic 
cells for a nuclear transfer process as claimed in claim 3 
whereiii synchroni:,ing step (b) is performed by culttiring 
the embryonic colls in oenecolcine. 




07/30/98 THU 11:18 FAX 6173301060 FR (21037 



Z092258 



30 



5 A »echod fox preparing dono^ Wi^e embxjonic 
c«iis fo. . nuclear .r^n.t.. p.oce« „ claimed iril^i™ 4 

Che .n.bxyo„lc cell, i„ Da«ecolci„e for ».X8 Luxs Tt I 

..ll/, ""^"^ P'-Pa^ing donbr bovine e,bryonic 

cell. .o. . nuclear «.nsf« p«„,, .^^^^^ 

the embsyojilc cells in Bocodasole. 
" , * preparing donor bovl„, e«4,ryonlo 

t"!!; i3 perfo»ad bv cui.ucing 

.he e«bryoa.e ceU» i„ Hocoda.ol, for 12-18 Ho^s a. a 
concentration of l,o 



15 a 



A mothod for preparing donor bo-i„e e»bryduic 
cells for a niicloar tzan«FA^ _ 

4 ,s •. transfer process as claJaad in clair, i 
whereia rhe cuUurlng a^.,p ^^^^^^ 

po s "c-me t^pfaAse . 

^ ^""^ P'^i-^ing a -mUipl • ad bovine 

20 embryo coa?.riaing «j,a azmpo of: 

(a) isolating a reclpienr hovina oocyte- 

(b) enueleatliig the recipi^^ oocyte; 
(cj isolating bovine donor ceils- 

(d, ajnchronixlng a -ajority of donor cell, at a 

25 single mxtotic ph«Bo; 

, («) cnltqring the .ynchroatzed donor cella of step 

[d) until at least sogn of the dr.„„.. . . 

mttK ai tne donor cells are in tLe 3- 
phase of the mitotic e«ll cyela; 

<f) .electing an individual donor cell fren; the donor 
call culture of step (ej- 

(9) lixtrodncing the individual donor cell of step 
(f , into the perivitellin. ap.ce of t*,e enucleate oocyte 
tK. individual donor o«H ^ enucleated oocyte b^^g' 
selected 50 Ui^fc th»\r 

,5 , „ ^ '^'^ -pproxiinately equal time-until- 

J5 next-M-phaae; 
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(h) fusing the donor cell Lntia fl,- . • 
™a.el'; .7^1'""''^ — ^ — o .... . 

eobryo as claimed i„ ciaJLm • wh««.*» v 

presence c£ a cell cy^le i^i?! ! ^" 

X cycie j.nhxbxtor for a lenmih pf time 
and an a concentraclon suff{^.-.>*. ' 

a, =la«,ed m clai« n „j.exel« HyxtohxciUxing step 
Demacolcme . " 

13. A method for producing a fflul^pHed bovine 
20 enbryo as claJLned In claim ^ *" oovine 

(d, is ^^o^ c^iii:," 

oy cuicartof the donox cells in 
Demecoldne for 12-1 a ~ 

ug/ml. " " hours at a concentration of o.os 

^ * P-odncing a multiplied bovine 

, . ^ ^ herein synchronizing st«p 

(dj 1.8 performed by caitni-in« ^ *^ 
«ocoda.ola- ^-^^^^ng the donor cells X. 

15. A for producing a r.ultiplie4 bo.^^^ 

embryo as claimed in claim ia ^ r xne 

m / wherein synchronialng seep 

performed by cuititir^r,^ ^ ^ 
„ . , ^ c^x^^ring Che donor ceils in 

trocodazole for 12-18 hotu-s = 
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16. A method tor pxcrf.icing a multipliGd bovine 
embiyo ^$ claimed in claim 9 wherein t:he cultujcing step 
(e) proceeds for 8^14 houra post-mecaphase. 

17. A method for producing a aulciplied bovine 
embryo as claimed in claim 9 furxher comprising the step 
of activating the recipient oocyt« before fusion. 

IB. A method for pxcducing a multiplied bovine 
embryo as claimed in claim 17 wherein the recipient oocyte 
is activated by culturing rhe recipient oocyte at a 
temperature of leas than 30 for at leaar cwc hours 
before fusion - 



IS- A method for producing a multiplied bovine 
embiyo as claUned in claiR IB wherein synchronlaing step 
(d) ia accompliahad by cultuaring the donor cells in the 
presence of a cell cycle inhibitor for a length of time, 
and at a concentration, sufficient to reversibly arrest 
the cell cycle at the single mitotic phase. 

20- A method for producing a multiplied bovine 
embryo as claimed in claim 19 *rti«i:ein synchronlaing step 
(d) leaves the bovine donor cells synchronized in 
metaphaaa . 

21. A aathod for producing a multiplied bovine 
sinbryo as claimed in claim 20 u+.erein synchronizing step 
(d) is performed by cailturing the donor calls in 

25 Vocodasole . 

22. A method for producing a multiplied bovine 
-Jinbryo ai; cUi«ed in claim Zl wherein synchroniaina step 
(d) is performed by cnlturing th» donor cells ia 
Nocodaaole for 12-18 hours at a concentration of 1.0 ^Ci. 
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23. A meuxod for producing a multiplied bovine 
-bxyo as Claimed i„ cl.^ 5 recipi«„c oocyre 
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